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Fig. 1.1 Schematics of flow chart in this study
- 5 -







   2006
( ) 5 . I II 
, I H, J, M1, M2, 
N/O, P1, S1, S2 8 , II C1, C2, D1, D3, D4, D5, 
E1, F1, H, J, N/O, P1, S1, S2 14 -
. 
   I 5 (I-1P, 2P, 3P, 4P, 5P) 
II 1 (II-1P) , 
19.9% . 
(maximum daily contract quantity, MDCQ) 
. Fig. 2.1
Fig. 2.2 Fig. 2.3
. I II 
I 
II . II 
.
   (booster 
compressor)
- 7 -
Fig. 2.1 Well location map (on the top of N/O reservoir).
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Fig. 2.2 Overview of surface production system.
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Fig. 2.3 Overview of multi-reservoir system.
Table 2.1 .
Table 2.1 Production zones and the dates of production commenced
Well Name Production Commenced Production Zones
I-1P Nov. 4, 2006 N/O, P, S1
I-2P April 12, 2007 N, O
I-3P Jan. 31, 2007 N/O, P, S1
I-4P Mar. 29, 2007 O
I-5P Aug. 8, 2010 S2
II-1P May 11, 2007 D3, D4, D5, D1b, C1
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. 2010 1 Table 2.2 . 
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Table 2.2 Well performance before and after perforation in 2010
(unit : mmscfd)





I-1P 18.8 20.8 +2.0 +9.0
I-3P 30.7 35.5 +4.8 +14.0













    2006 10 4 (4,236 mMD) 55° 
(open-hole completion) N, O, P, S1 
. 7
(swell packer) 4.5
. 2006 10 26 ~ 28
(clean-up flow) 64/64
(BHP) 5,000 psig, 3,000 psig
55 mmscfd 1,200 stbd . I-1P
.
I-2P 
    2007 3 26 (4,775 mMD)
N, O, H 




. 2007 4 4 ~ 6
72/64
- 13 -
4,000 psig 2,100 psig 50 
mmscfd 1,900 stbd .  
2009 8 N 
2010 1 H 
.
I-3P 
    2006 10 22 (4,295 mMD)
N/O, P, S . 
. 2006 11 11 ~ 12
64/64
2,700 psig, 51 mmscfd
700 stbd . I-1P
. 
I-4P 
    I (pilot well)
(side track) . 2007 2 27
(4,528 mMD) N O .   
2007 3 18 ~ 19
64/64 2,700 psig, 
50 mmscfd 1,400 stbd
. I-4P 75 ~ 80 mmscfd




    2010 6 19 (4,630 mMD) 58.8° 
S . 2010 7 14
~ 16 52/64
5,000 psig, 4,351 psig, 42 
mmscfd 1,208 stbd .
II-1P 
    II 2006 12 14
(cased and perforation completion) . C1, C2, D1, D3, 
D4 5
. 2007 5 8 ~ 15
146/64 1,508 
psig, 38 mmscfd .
   5 Table 
2.3 .
- 15 -















I-1P 4,236 64/64 3,000 55 1,200
I-2P 4,775 72/64 2,100 50 1,900
I-3P 4,295 64/64 2,700 51 700
I-4P 4,528 64/64 2,700 50 1,400
I-5P 4,630 52/64 4,351 42 1,208




   PUQC(Production, Utilities, Quarters and Compression) 
WHD(Wellhead) (bridge) , 
PUQC / , (water treatment) 
/ / . WHD 9













(joint valve) (condensate stabilizer)
. Fig. 2.4 Fig. 2.5
- 17 -
/ .
   
. Fig. 2.6
. 
Fig. 2.4 Diagram of gas process system from wells to export pipeline.
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Fig. 2.5 Diagram of condensate process system from separator to FSO.




 , . 




Table 2.4 Location of gauges measuring pressure and temperature
Production Wells Pressure and Temperature Measuring
Structure I
I-1P wellhead & bottomhole
I-2P wellhead & bottomhole
I-3P wellhead
I-4P wellhead
I-5P wellhead & bottomhole
Structure II II-1P wellhead & bottomhole
2.3.3. 





- (production capacity) 
- 4-Points 
- 
   , 
, . 
   /
. Fig. 2.7 /
Fig. 2.8 Fig.2.13 .   
   
. 
. -
(full choke open) 
. 
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Fig. 2.7 Diagram of separators.
Fig. 2.8 The historical results of production capacity test of well I-1P.
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Fig. 2.9 The historical results of production capacity test of well I-2P.
Fig. 2.10 The historical results of production capacity test of well I-3P.
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Fig. 2.11 The historical results of production capacity test of well I-4P.
Fig. 2.12 The historical results of production capacity test of well I-5P.
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Fig. 2.13 The historical results of production capacity test of well II-1P.
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   4 , IPR
IPR
(Rawlins and Schellhardt, 1935; Jennings , 1989). Fig. 2.14
IPR 







log  log   log 
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n
wfr ppCAOF )(
22                             (2.2)
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Fig. 2.14 IPR changes by pressure depletion. 
Table 2.5 4-points test results 
Well Date n C AOF(mmscfd) Source
I-2P Jun. 2011 1.85 1.776E-11 47.78 WHP
I-3P Jun. 2011 0.88 4.497E-05 40.96 WHP
I-3P Aug. 2011 0.92 2.591E-05 43.23 WHP
I-4P Jun. 2011 0.87 5.363E-05 32.55 WHP
I-5P Jun. 2011 1.25 1.014E-07 97.20 BHP
I-5P Oct. 2011 1.20 2.333E-07 80.12 BHP
II-1P Jun. 2011 1.48 1.119E-09 40.57 BHP




   
Fig. 2.15 Change of IPR curves based on 4-points test of well I-3P.
    Fig. 2.16 IPR curve based on 4-points test of well I-4P.
- 28 -
 Fig. 2.17 Change of IPR curves based on 4-points test of well I-5P.
   Fig. 2.18 Change of IPR curves based on 4-points test of well II-1P.
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   , 
. , 
(Bourgeois and Couillens, 






Table 2.6 The result of pressure transient analysis














1 22.0 1.5 16.5
2 13.0 3.5 43.4
3 19.0 1.1 41.0
4 17.5 4.8 37.3
5 17.5 1.5 42.4
6 18.3 -1.0 44.2
I-2P O zone(4500~4749 mMD)
1 9.2 0.8 32.1
2 1.0 -0.6 38.8
3 60.0 1.5 28.7
4 1.0 -0.4 22.7
5 23.9 2.2 27.5
I-5P S2 zone(4,293~4,347 mMD)
1 38.5 9.0 38.3
2 24.0 6.5 42.9










1 10.7 5.5 20.4
2 - - 10.9
3 5.0 0.5 11.3





5 - - 48.1
6 57.0 6.0 23.9
7 60.0 6.2 23.4
C2 zone
(4,070~4,098 mMD) 8 37 9.4 59.1
- 31 -
2.3.4. 
   4 (I-1P, I-2P, I-5P, II-1P)
PVTi (Schlumberger S/W)
Table 2.7 . 5 PVT I-1P 16 (1
pseudo-component) , I-2P  12 (5 pseudo-components), I-5P
12 (3 pseudo -components) , II-1P 11
(1 pseudo- components) PVT . 
Appendix A . 
Table 2.7 Reservoir fluid properties
Well Name I-1P I-2P I-5P II-1P
Reservoir Temperature (°F) 293 293 289 269
Reservoir Pressure (psig) 5,396 5,235 5,444 5,499
Dew point Pressure (psig) 5,198 4,996 5,236 5,221
Initial CGR (stb/mmscf) 14.8 40.4 27.9 18.7
2.3.5. 
   MMLT(Memory 
MultiLayer Test) MPLT(Production Logging Service) . 
 Gamma Ray(GR), Collar Casing Locator(CCL), 
Flowmeter(CFSRATE), Capacitance(CWHRATE), Temperature(TEMP), 




























N-O - 17,372 - 208 20.32 -
P - 7,604 - 91 8.89 -
S1 - 15,676 168 188 18.34 163
Total 487 47.55 163
30
N-O - 10,164 - 166 11.89 -
P - 5,211 - 85 6.10 -
S1 - 13,633 145 222 15.95 140
Total 472 33.93 140
20
N-O - 3.213 - 85 3.76 -
P - 3,012 - 79 3.52 -
S1 - 10,693 128 281 12.51 124
Total 445 19.79 124
10
N-O - - - - - -
P - 2,561 - 85 3.00 -
S1 - 6,894 85 228 8.06 82.48
Total 313 11.06 82.48
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- 4650 - 8,758 - 194 7.34 -
4650
- 4680 - 7,550 - 168 6.33 -
4680
- 4696 - - 64 - - 62
4737
- 4755 - 3,523 - 78 2.95 -
Total 440 16.62 62
10
4492
- 4650 - 6,813 - 181 5.47 -
4650
- 4680 - 5,804 - 155 4.66 -
4680
- 4696 - - 49 - - 48
4737
- 4755 - 2,355 - 63 1.89 -
Total 399 12.01 48
- 34 -
























- 4117 - 313 - 4 0.29 -
4127
- 4146 - 11,596 - 135 10.67 -
4182
- 4192 - 1,671 136 20 1.54 132
Below 
4268 - 13,581 - 159 12.50 -
Total 317 25.00 132
15
4114
- 4117 - 241 - 3 0.22 -
4127
- 4146 - 9,054 - 115 8.33 -
4182
- 4192 - 2,173 99 28 2.00 96
Below 
4268 - 10,261 - 130 9.44 -
Total 276 20.00 96
- 35 -
























- 4277 - 53,156 - 272 63.50 -
4376
- 4382 - 4,352 - 22 5.20 -
4406
- 4420 - 2,798 124 14 3.34 120
4435
- 4446 - 14,610 - 75 17.45 -
Total 383 89.49 120
25
4193
- 4277 - 9,902 - 203 11.83 -
4376
- 4382 - 910 - 19 1.09 -
4406
- 4420 - - 32 - - 31
4435
- 4446 - 2,959 - 61 3.54 -
Total 283 16.45 31
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Fig. 2.19 An Example of PLT onsite result of well I-1P in the flowing 




   Fig. 3.1 Table 3.1
. , 
. (operation 




Fig. 3.1 The history of field production. 
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J 3,818 3,824 2011-06-01
N 4,046 4,056 2006-10-26
O 4,062 4,090 2006-10-26
P1 4,118 4,136 2006-10-26





N 4,334 4,366 2009-08-02
O 4,500 4,766 2007-04-05
I-3P 2006-09-172006-10-22




N 4,103 4,122 2006-11-11
O 4,127 4,146 2006-11-11
P1 4,178 4,192 2006-11-11
S1 4,268 4,289 2006-11-11
I-4P 2007-02-072007-02-27




I-5P 2010-05-092010-06-19 S2 4,293 4,347 2010-07-14
II-1P 2006-11-092006-12-14




D1 4,243 4,260 2009-02-23
D3 4,335 4,340 2007-05-15
D4 4,359 4,365 2007-05-13
D5 4,453 4,458 2007-05-08
D6 4,462 4,468 2007-05-08
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3.2 
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(Mattax and Dalton, 1990).






I I-2P . 
(full open) 
. 
   
(constraint) . , 
50 
mmscfd . , 
100 barg . 
.
   
, 50 mmscfd (WHP)
100 barg . 
(3.1)
(3.2) (3.4) . 
Fig. 3.2
(transient) (boundary dominant, 
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













  (steady state)          
    (3.4)
   100 barg




Fig. 3.2 Apparent reservoir behavior of transient and boundary dominant flow 
of well I-2P.
100 barg ( 50 mmscfd )
   IPR 
. Fig. 3.3(a) (t1, t2)
IPR
Fig. 3.3(b) IPR . 
   t IPR (t-t1) 
. , 
.











Fig. 3.3 Back-allocation in transient flow regime.
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100 barg ( 50 mmscfd )
   . 
Fig. 3-4
, 
(Fig. 3.5) . 
. 
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(1% ), 
.













Fig. 3.4 Production capacity trend in full choke condition.
Fig. 3.5 Choke characteristic curve provided by manufacture.
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Fig. 3.6 Allocated production rate of well I-1P.
Fig. 3.7 Allocated production rate of well I-2P
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Fig. 3.8 Allocated production rate of well I-3P.
Fig. 3.9 Allocated production rate of well I-4P.
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Fig. 3.10 Allocated production rate of well I-5P.
Fig. 3.11 Allocated production rate of well II-1P.
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   , 





(Afidick , 1994). 
   Fig. 3.12 Fig. 3.17
CGR . 
CGR .  Table 2.7
.  






   CGR 15 ~ 30 stb/mmscf
Afidick Arun (CGR 65 stb/mmscf 
) . 
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Fig. 3.12 CGR history of well I-1P.
Fig. 3.13 CGR history of well I-2P.
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Fig. 3.14 CGR history of well I-3P.
Fig. 3.15 CGR history of well I-4P.
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Fig. 3.16 CGR history of well I-5P.
Fig. 3.17 CGR history of well II-1P.
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3.2.3. 
   II-1P 
. Fig. 3.18
(OLGA; developed by SLT) .
   D3/D4/D5 (2007 5 15 ) 
5.9 bscf . 3
49.5 bscf (D3 13.4 bscf + D4 14.2 bscf + D5 




   , D1 C1
. D1 C1
79.1 bscf, 38.2 bscf C1 D1 48%
, MDT(Modular Dynamic Formation Test)




. D1 9.0 psi/day C1




Fig. 3.18 Timeline of perforation and OLGA analysis on well II-1P.
Fig. 3.19 Production and BHP behaviors of well II-1P with perforations.
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D1 C1 , 




   . 
OLGA Fig. 3.20 Fig. 3.25
. 
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    (production condition)      (shut-in condition)
Fig. 3.20 Liquid Column in wellbore after perforation of zone D5/D4/D3, 
described by OLGA at the time of A point in Fig. 3.18.




  (production condition)        (shut-in condition)
Fig. 3.21 Liquid Column in wellbore before perforation of zone D1, 
described by OLGA at the time of B point in Fig. 3.18.
   Fig. 3.21 D3/D4/D5
D1 . 
. 







    (production condition)       (shut-in condition)
Fig. 3.22 Liquid Column in wellbore after perforation of zone D1, described 
by OLGA at the time of C point in Fig. 3.18.




        (production condition)       (shut-in condition)
Fig. 3.23 Liquid Column in wellbore before perforation of zone C1, 
described by OLGA at the time of D point in Fig. 3.18.
     (production condition)       (shut-in condition)
Fig. 3.24 Liquid Column in wellbore after perforation of zone C1, described 
by OLGA at the time of E point in Fig. 3.18.
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     (production condition)      (shut-in condition)
Fig. 3.25 Liquid Column in wellbore before C2 zone perforation, described 




  , /
. Fig. 4.1






Fig. 4.1 Effect of GIIP on the history matching process.
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4.1.1. 
   (Monte-Carlo)
. 
SPE OGRC (2011) ( , 2009) , 
. 






Fig. 4.2 Diagrams of Monte-Carlo simulation and geological model.
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   , 
(4.1)
. 
        
(4.1)
   Fig. 4.3
. Fig. 4.3(a) - (Gas-Water Contact, 
GWC) P1 P2 . 
Fig. 4.3(b) GWC SPP(spill point) P3
GDT(Gas Down To) P1 P2
, P2 P1 P3 . 
P1, P2, P3 .  
P1, P2, P3




(a) GWC known case
(b) GWC unknown case





   /
5
. 
Table 4.1 ( , 2014). 
Fig. 4.2
.
Table 4.1 Applied methodologies for reservoir property modeling
Property Methodology
Porosity (PHIE)
Sequential Gaussian Simulation (SGS)





Co-krigging with effective porosity model
Permeability (k) Porosity (PHIE) - Permeability (k) relationship
   . 
SGS(Sequential Gaussian Simulation)








   




Fig. 4.4 (schematic), Fig. 4.5
. Fig. 4.5 7





            
(4.2)



















Fig. 4.4 Schematic diagram of well I-5P.
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Fig. 4.5 Production history of well I-5P showing BHP behavior during 
shut-in period due to operation problem.
Fig. 4.6 GIIP comparison between geological model and material balance of 
S2 zone.
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. , I-1P I-3P
, 
40% . Table 4.2
.














(mmscfd) 50 30 20 10
N+O zones 43 35 19 0
P zone 19 18 18 27


























   ‘3.2.3 ’ , I II 
. 3 , , 
( ), (recirculation) (Soleimani 
and  Valeeva, 2012). 
( )
.
   ‘3 ’ Fig. 3-20 Fig. 3-25  
 



















                         
        (a) well I-3P                   (b) well I-4P
Fig. 4.9 MDT matching results of well I-3P and I-4P.
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    Fig. 4.10 MDT matching results of well I-5P and well II-1P.   
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4.3.2. 
    






   
  Fig. 4.11 Matching result of FBHP of well I-1P.
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Fig. 4.12 Matching result of FBHP of well I-5P.
Fig. 4.13 Matching result of FBHP of well II-1P.
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 Fig. 4.14 Matching result of FWHP of well I-1P.
Fig. 4.15 Matching results of FWHP of well I-3P.
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Fig. 4.16 Matching results of FWHP of well I-5P.









Fig. 4.18 Production forecast with three scenarios.
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   , , 
. Fig. 4.18
. P50 High case
, P50 Most-likely case
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Bg gas formation volume factor, rcf/scf
C constant
c isothermal compressibility, 1/psia
G GIIP, MMscf
Gp cumulative gas production, MMscf
h formation thickness, ft
k permeability, mD
p pressure, psia
pi initial reservoir pressure, psia
pr reservoir pressure, psia
pwf bottomhole flowing pressure, psia
q gas production rate, MMscfd
r radius, ft





z gas compressibility factor
zi initial gas compressibility factor
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Appendix A. PVT 
Table A.1 Recombined reservoir fluid compositions for I-1P


















Table A.2 Recombined reservoir fluid compositions for I-2P













Table A.3 Recombined reservoir fluid compositions for I-5P















Table A.4 Recombined reservoir fluid compositions for II-1P


















Fig. A.1 Comparison of vapor z-factor of CCE calculation for I-1P.
 
Fig. A.2 Comparison of vapor density of CCE calculation for I-1P.
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Fig. A.3 Comparison of vapor viscosity of CCE calculation for I-1P.
 
Fig. A.4 Comparison of liquid saturation of CCE calculation for I-1P.
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Fig. A.5 Comparison of relative volume of CCE calculation for I-1P.
 
Fig. A.6 Comparison of vapor z-factor of CVD calculation for I-1P.
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Fig. A.7 Comparison of vapor viscosity of CVD calculation for I-1P.
 
Fig. A.8 Comparison of liquid saturation of CVD calculation for I-1P.
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Fig. A.9 Comparison of moles Recovery of CVD calculation for I-1P.
 
Fig. A.10 Comparison of 2-phase z-factor of CVD calculation for I-1P.
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Fig. A.11 P-T phase diagram of simulation fluid for I-1P.
Fig. A.12 Comparison of vapor z-factor of CCE calculation for I-2P.
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Fig. A.13 Comparison of vapor density of CCE calculation for I-2P.
Fig. A.14 Comparison of vapor viscosity of CCE calculation for I-2P.
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Fig. A.15 Comparison of liquid saturation of CCE calculation for I-2P.
Fig. A.16 Comparison of relative volume of CCE calculation for I-2P.
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Fig. A.17 Comparison of vapor z-factor of CVD calculation for I-2P.
Fig. A.18 Comparison of vapor viscosity of CVD calculation for I-2P.
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Fig. A.19 Comparison of liquid saturation of CVD calculation for I-2P.
Fig. A.20 Comparison of mole recovery of CVD calculation for I-2P.
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Fig. A.21 Comparison of 2-phase z-factor of CVD calculation for I-2P.
Fig. A.22 P-T phase diagram of simulation fluid for I-2P.
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Fig. A.23 Comparison of vapor z-factor of CCE calculation for I-5P.
Fig. A.24 Comparison of vapor viscosity of CCE calculation for I-5P.
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Fig. A.25 Comparison of liquid saturation of CCE calculation for I-5P.
Fig. A.26 Comparison of relative volume of CCE calculation for I-5P.
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Fig. A.27 Comparison of vapor z-factor of CVD calculation for I-5P.
Fig. A.28 Comparison of liquid saturation of CVD calculation for I-5P.
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     Fig. A.29 Comparison of 2-phase z-factor of CVD calculation for I-5P.
Fig. A.30 P-T phase diagram of simulation fluid for I-5P.
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Fig. A.31 Comparison of vapor z-factor of CCE calculation for II-1P.
Fig. A.32 Comparison of vapor density of CCE calculation for II-1P.
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Fig. A.33 Comparison of vapor viscosity of CCE calculation for II-1P.
 
Fig. A.34 Comparison of liquid saturation of CCE calculation for II-1P.
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Fig. A.35 Comparison of relative volume of CCE calculation for II-1P.
 
Fig. A.36 Comparison of vapor z-factor of CVD calculation for II-1P.
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Fig. A.37 Comparison of vapor viscosity of CVD calculation for II-1P.
Fig. A.38 Comparison of liquid saturation of CVD calculation for II-1P.
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Fig. A.39 P-T phase diagram of simulation fluid for II-1P.
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Fig. B.1 PLT results of I-1P in the flowing regime 30 mmscfd.
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Fig. B.2 PLT results of I-1P in the flowing regime 20 mmscfd.
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Fig. B.3 PLT results of I-1P in the flowing regime 10 mmscfd.
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Fig. B.4 PLT results of I-2P in the flowing regime 18 mmscfd.
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Fig. B.5 PLT results of I-2P in the flowing regime 10 mmscfd.
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Fig. B.6 PLT results of I-3P in the flowing regime 25 mmscfd.
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Fig. B.7 PLT results of I-3P in the flowing regime 15 mmscfd.
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Fig. B.8 PLT results of I-4P in the flowing regime 35 mmscfd.
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Fig. B.9 PLT results of I-4P in the flowing regime 25 mmscfd.
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Abstract
Development of An Integrated Simulation Model for 
Gas-Condensate Reservoirs with Static and Dynamic Data
Chang Seok Jeong
Department of Mineral and Petroleum Engineering
The Graduate School
Seoul National University
   The study aims to develop a multi purposed simulation model for 
gas-condensate reservoirs that have been under multi-commingled production 
by integrating two different data : static data which was acquired during 
exploration and drilling activities, and dynamic data from production.
   In most of cases, direct measurement of production rate from each well 
cannot be recorded due to the economic considerations.  A new method is 
presented for allocating the rate back to individual well through the analysis 
of IPR curve and its patterns along the time. Then, the allocated results 
were assigned to each layer of reservoirs using the data from production 
logging. The reliability of geological model is accomplished by maintaining 
GIIP below 10% errors comparing with that by material balance method. The 
developed geomodel is able to reduce the number of not measured reservoir 
properties, thereby improving the prediction accuracy of reservoir behavior.
   The cross-flow from the multi-commingled reservoirs occurs often due to 
the difference in reservoir properties, accumulating liquid column in the 
- 129 -
bottomhole. Since the accumulating effects could not be described 
numerically in commercial simulators, they are observed and calculated in 
quantitatively by OLGA. 
   The model indicates that the booster compressor to be installed about two 
years earlier than originally planned, and the production to be started to 
decline four to five years ahead. This model is also applicable to 
multi-commingled reservoirs without significant modification, and can be used 
a reliable tool in making decisions for gas fields under multi-commingled 
production.
Keywords: simulation model, gas-condensate reservoirs, multi-commingled 
production, integrating, IPR curve
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